The combined effects of heat and mass transfer on unsteady magnetohydrodynamic (MHD) free convection flow in a porous medium past an infinite inclined plate with ramped wall temperature have been investigated. The closed form analytical solutions have been obtained for the velocity, temperature and concentration fields by using Laplace transforms method. The analytical expressions for nondimensional skin-friction, Nusselt number and Sherwood number have been computed. The effects of the embedded flow parameters such as inclination angle, radiation parameter, magnetic field parameter, and Grashof number on flow fields are shown graphically. It is found that increasing the inclination angle and radiation parameters, the fluid velocity along an inclined plate will be decreased.
INTRODUCTION
The study of MHD natural convection flows in porous medium has been conducted extensively in recent years. Several solutions in this case were obtained by [1] [2] [3] [4] [5] [6] [7] [8] [9] , where different initial boundary conditions have been considered as well as physical situation of flow formation. When free convection flows occur at high temperature, radiation and thermal source effects on the flow become significant. Many processes in engineering fields happens at high temperatures, such as cooling radioactive waste containers, energy efficient drying processes, food processing, grain storage, and solar power collectors, and understanding of radiative heat transfer become very essential for the design of the related equipment. Rajesh [10] used Laplace transforms to study the effects of thermal radiation on the unsteady MHD free convection flow of a viscous incompressible fluid past an infinite vertical plate containing a ramped type temperature profile. Seth et al. [11] studied the influence of radiation on unsteady hydromagnetic natural convection transient flow near an impulsively moving vertical flat plate with ramped wall temperature. Samiulhaq et al. [12] investigated the MHD free convection flow in a porous medium with thermal diffusion and ramped wall temperature. Phillips et al. [13] analytically solved the effects of heat source on MHD free convection flow past a vertical plate through porous medium. Recently, Jana et al. [14] reported the effect of radiation on the MHD flow past a vertical plate with oscillatory ramped plate temperature in a presence of a uniform transverse applied magnetic field.
However in real applications, the flows are not only occuring near vertical or horizontal plate, but also happen near to the inclined plates or surfaces. Ganesan and Palani [15] used finite different analysis to study the unsteady natural convection flow past an inclined plate with variable surface heat and mass flux. Thermal radiation effects on MHD flow past a semi-infinite inclined plate in the presence of mass diffusion was presented by [16] . Sharma and Singh [17] analysed the effects of variable thermal conductivity, viscous dissipation on steady MHD free convection flow of low Prandtl fluid on an inclined porous plate with Ohmic heating. They solved the problem numerically by using Runge-Kutta fourth order method and shooting technique. Narahari [18] took into account the effect of thermal radiation on unsteady MHD free convection flow of an optically thin gray gas past an infinite inclined plate with constant temperature.
The aim of this paper is to investigate the effects of mass diffusion and radiation on MHD free convection flow in a porous medium past an infinite inclined plate with ramped wall temperature. 
PROBLEM FORMULATION
Consider the unsteady MHD of a viscous incompressible fluid with combined heat and mass transfer by natural convection flow, near an infinite inclined plate embedded in a saturated porous medium. The x * -axis is along to the plate with the inclination angle ϕ to the vertical, the y * -axis is taken normal to the plate. The plate is assumed to be electrically conducting with a uniform magnetic field B of strength B 0 , applied in a direction perpendicular to the plate. The magnetic Reynolds number is assumed to be small to neglect the effect of applied magnetic field. The radiation effect is also taken into account. Initially, for time Under the Boussinesq approximation, the unsteady MHD natural convection boundary layer flow past an inclined plate flow in a porous medium with effects of thermal diffusion and heat absorption, is governed by the equations
with the following initial and boundary conditions 
Introducing the following dimensionless variables: 
The initial and boundary conditions given by equation (4) now become
PROBLEM SOLUTION
We can see that the energy equation (10) and concentration equation (11) is uncoupled from the momentum equation (9) . Therefore, we can solve for the temperature variable   
The exact solutions for the concentration, temperature and complex velocity fields can be obtained from equations (12) , (13) and (14) by using inverse Laplace transforms. These solutions are 
3.1
Skin friction, Nusselt number and Sherwood number
The expression of skin friction is given by 
Nusselt number, the rate of heat transfer is given by 
GRAPHICAL RESULTS AND DISCUSSION
An exact solution to the problem of heat and mass transfer for MHD free convection flow with radiation effect passing through a porous medium near an inclined plate with wall ramped temperature is presented. In order to get into the physical insight of the problem, the effects of various parameters such as inclination angle ϕ, radiation parameter R, Hartmann number M, thermal Grashof number Gr, and concentration Grashof number Gc are analysed. The results for concentration C, temperature T, and velocity u are presented graphically and discussed.
In Figure 1 shows the velocity profiles at various values of inclination angle ϕ. It is noted that decreasing the inclination angle accelerates the fluid motion along the plate. This is towards the fact that as the plate is inclined from the vertical the buoyancy force effect due to the thermal and mass diffusion decreases as cos ϕ decreases. In 
The variation of velocity for different values of Hartmann number M is plotted in Figure 3 . We can see that the application of transverse magnetic field will result a resistive type force namely the Lorentz force. This force tends to resist the fluid flow and thus reducing its velocity. It is appealing to note from all the graphs for the velocity profiles that velocity of the fluid is zero at y = 0, increases continuously with increasing distance from the plate vicinity, approaches a maximum value in the middle of the flow regime and then decreases continuously with increasing distance from the plate. Finally, when y tends to infinity, velocity goes to zero. 
Fig. 4 Velocity profiles for various Gc
The velocity profiles at various Gc and Gr is shown in Figure 4 and Figure 5 . We analysed that the velocity decreases as the Grashof number decreases. Decreasing Grashof number means decreasing thermal buoyancy force and thereby velocity of the fluid decreases in the vicinity of the inclined plate. A similar behaviour of velocity was also expected in the presence of the imposed boundary conditions on velocity in equation (11) . Hence, all these graphical results provide a useful mathematical cross checking to the calculation. Therefore, we are quite sure at the accuracy of the solution.
Fig. 5 Velocity profiles for various Gr

CONCLUSION
In this paper, we have studied the governing equations for the double diffusion and radiation effects on unsteady MHD free convection flow passing through a porous channel past an infinite inclined plate with ramped wall temperature. Exact solution using Laplace transforms for the concentration, temperature and velocity profiles with the effects of embedded parameters are examined. It is reported that the velocity of a fluid is increases with the decreases of ϕ, R and M. However, the effects of Gc and Gr on the velocity are opposite to ϕ, R and M. 
